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METHOD OF MANUFACTURING LIQUID
CRYSTAL DISPLAY AND DRYING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to the manufacturing tech-
nology of a liquid crystal display, in particular to a process
for drying an alignment film material that 1s coated on a
substrate.

2. Description of the Related Art

An alignment film 1s formed on a substrate of a hiquid
crystal display so as to make a molecular arrangement state
of liquid crystal uniform. A process for forming the align-
ment film includes (1) printing process of an alignment film
material that 1s diluted with a solvent on one surface of a
substrate, and (2) heating process for curing the alignment
film formed 1n the printing process.

The heating process includes preliminarily drying process
for removing a solvent from the coating of alignment film
material at a temperature of substantially 100 degree
centigrade, and curing the preliminarily dried alignment film
at a temperature equal to 180 degree centigrade or more. In
the former process, a hot plate such as shown 1n FIG. 13 1s
employed. The hot plate mncludes a plate 15 with a plurality
of through-holes 12 that lead to an outlet 1n an area
(hereinafter referred to as a substrate contact area) that
comes 1nto contact with other surface (a surface opposite to
the surface where the coating of alignment film material 1s
formed) of the substrate 1, a heater 2 that is buried in the
plate 15, and a vacuum pump (not shown in the drawing)
connected to the outlet of the plate 185.

According to such a configuration, since owing to vacuum
suction of the vacuum pump, the substrate 1 can be brought
into close contact with the plate 15, heat from the heater 2
can be efficiently conducted through the plate 15 to the
substrate 1. The coating formed on the substrate 1 1is
preliminarily dried by the heat.

After the heating process, the substrate 1 1n close contact
with the plate 15 1s necessary to be transferred from the plate
15 to a transfer arm 11. Accordingly, inside of the plate 15,
a plurality of thrust pins 3 for thrusting up the substrate 1
from the substrate contact area 1s accommodated. As shown
in FIG. 14, owing to the thrust of these thrust pins 3, the
substrate 1 1s detached from the plate 15. As a result,

between the substrate 1 and the plate 15, a gap where an arm
11 1s inserted can be secured.

SUMMARY OF THE INVENTION

Since the through holes 12 and accommodating holes of
the thrust pins 3 are formed 1n the substrate contact area of
the plate 15 of the aforementioned conventional hot plate
system mentioned above, a partial area does not contact the
plate 15 1n a rear surface of the substrate 1. Since the partial
non-contact area causes non-uniformity of surface tempera-
ture and drying speed, the variation in the film thickness of
the alignment film maybe generated, and an arrangement of
liquid crystal molecules 1n the alignment film surface may
be adversely affected. As a result, the display characteristics
of the liquid crystal display may be damaged.

It 1s an object of the present mmvention intends to manu-
facture a liquid crystal display having excellent display
characteristics.

With the above object in view, 1n the present invention, 1n
forming an alignment film on a substrate used for a liquid
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2

crystal display, a gas flow 1s generated above an alignment
film coating the substrate.

By configuring thus, a liquid crystal display having excel-
lent display characteristics can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, objects and advantages of the
present 1nvention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings wherein:

FIG. 1 1s a schematic block diagram of drying apparatus
according to one embodiment of the present invention,

FIG. 2 1s a diagram showing correspondence of support-
ing materials of a glass substrate and thermal diffusivities
thereof,

FIG. 3 1s a schematic diagram of experimental facilities
for studying influences that the supporting material of the
glass substrate causes on a temperature distribution of the
substrate,

FIG. 4 1s a diagram showing an in-plane temperature
distribution of the glass substrate that 1s dried by use of the
drying apparatus shown i FIG. 1,

FIG. 5A 1s a schematic diagram showing experimental
facilities for optimizing a drying process,

FIG. 5B 1s a schematic diagram showing experimental
facilities for optimizing a drying process,

FIG. 6 1s a diagram showing relationship between drying,
fime and pre-tilt angle for each drying method,

FIG. 7 1s a diagram conceptually showing a polymer
molecule size 1n a solution of alignment film,

FIG. 8 1s a diagram showing relationship between tem-
perature in a chamber of the drying apparatus shown in FIG.
1 and surface roughness of the coating after preliminary
drying,

FIG. 9 1s a diagram showing relationship between tem-
perature of hot air and pre-tilt angle,

FIG. 10 1s a diagram showing comparison between effects
of drying with the hot plate and drying with the drying
apparatus shown 1 FIG. 1,

FIG. 11 1s a schematic block diagram of drying apparatus
according to one embodiment of the present mvention,

FIG. 12 1s a schematic block diagram of drying apparatus
according to one embodiment of the present mvention,

FIG. 13 1s a schematic block diagram of an existing hot
plate,

FIG. 14 1s a schematic block diagram of an existing hot
plate.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following, with reference to accompanying
drawings, one embodiment according to the present inven-
tion will be explained.

First, with reference to FIG. 1, a configuration of drying
apparatus according to the present embodiment will be
explamed. For convenience of the following explanation, 1n
FIG. 1, orthogonal coordinates including an installation
surface of the drying apparatus 1n an XY plane are defined.

The drying apparatus includes an air supply blower § with
a hepafilter that makes clean a gas (air, nitrogen and so on)
that 1s taken 1n from the outside; a heater 2 for heating the
gas from the air supply blower 5; a base plate 9 that supports
a substrate 1 on its upper surface; a soaking vessel 7 that
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temporarily accumulates the gas passed through the heater 2;
a driver for reciprocating the base plate 9 1n an X axis
direction; a plurality of slit nozzles 4 that emaits the gas in the
soaking vessel 7 toward the upper surface of the base plate
9; a chamber 13 that accommodates inside 1t the base plate
9 and the soaking vessel 7; and an exhaust blower 6 for
emitting an internal gas in the chamber 13 from an outlet
disposed at a position below the base plate 9.

Each of slit nozzles 4 has a slit that faces the upper surface
of the base plate 9. These slit nozzles 4 are arranged 1n one
row 1n an x-axis direction with a substantially equal interval
so that a long (major) axis of each slit are aligned parallel to
a y-axis. The number of the slit nozzle 4 may be decided
according to an area of the glass substrate 1 that 1s disposed

on the upper surface of the base plate 9.

On the upper surtace of the base plate 9, a plurality of pins
3 stand. Points of the pins contact the substrate and support
it during the drying process. A clearance A between the
substrate 1 and the base plate 9 have to be enough for a tip
end of a transfer arm to be inserted 1. Accordingly, on the
upper surface of the base plate 9, three or more pins 3 are
erected 1n other than an insertion path of the tip end of the
transfer arm 11. For instance, when the tip end of the transfer
arm 11 1s fork-tailed, the plurality of pins may be arranged
into a two-row matrix having a row distance equal to or
more than a width of a leg portion of the tip end of the
transfer arm 11.

Although these pins 3, as mentioned above, point-support
the glass substrate 1, actually there are areas at contact
interfaces with the glass substrate 1. Accordingly, when the
pins 3 are heated with the gas from the slit nozzles 4 1n the
process of drying, the substrate 1 1s partially heated by heat
from the contact interfaces with each pin 3. In order to
diminish a temperature irregularity of the substrate 1 due to
this, 1t 1s preferable to make the contact area between the tip
end of each pin 3 and the substrate 1 smaller. Accordingly,
as a shape of the tip end of each of the pins 3, a spherical
shape having a curvature radius equal to or less than 5 mm
1s adopted. Furthermore, the tip end of each of the pins 3 is
more preferably formed of a material having a smaller
thermal diffusivity.

In order to select appropriate materials as formation
material of the tip end of each of the pins 3, with block
materials formed of materials (aluminum, glass, Teflon
(registered trade mark), and Bespel (registered trade mark))
having the thermal diffusivity in the range of 30 mm?~/s to 0.1
mm-~/s shown in FIG. 2, the following experiments were
carried out. A plurality of glass substrates (100 mmx100
mmx1.1 mm) where a wet coating of alignment film mate-
rial (film thickness: substantially 1.5 um) was formed was
prepared. As shown 1n FIG. 3, each glass substrate 1 was
disposed on any one of the block materials 17 with the wet
coating of alignment film material 18 directed upward.

The block material 17 made of each material partially
contacts with an area 18A opposite to the formation area of
the alignment film coating 18 of each glass substrate 1. In
this state, when a hot air of substantially 100 degree centi-
orade was blown to the alignment film coating 18 of each
glass substrates 1, there was detected no drying irregularity
in the alignment film on the glass substrate 1 on the block
material made of the material having thermal diffusivity
equal to or less than 0.47 mm~/s. Accordingly, in the present
embodiment, at least the tip end portion of each of the pins
3 1s made of the material having the thermal diffusivity equal
to or less than 0.5 mm?~/s.

A driving unit includes a table 8 on which a guide groove
8b for guiding the base plate 9 1n an x-axis direction 1is
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formed and a motor 10 for moving the base plate 9 along the
cguide groove 8b. The table 8 that 1s used here 1s disposed
substantially level at a position below the base plate 9 so as
to partition the inside of the chamber 13 1nto the nozzle 4
side and a connecting opening side of the exhaust blower 6,
and provided with a plurality of slit-like outlets 8 whose
major axis direction 1s y-axis direction. Accordingly, when
the exhaust blower 6 i1s driven, the gas emitted downward
from the slit nozzles 4 1s rapidly recovered through the
slit-like outlets 8a of the table 8 to the exhaust blower 6 side.
Accordingly, foreign matters 1n the chamber 13 are hindered
from floating.

Next, a process 1n which an alignment film 1s formed with
such a drying apparatus in a manufacturing process of a
liquid crystal display will be explained.

The process for manufacturing a liquid crystal display
includes processes such as forming an alignment film,
rubbing, printing a sealing material, spraying spacers, put-
fing two substrates together, burning the sealing material,
filling a liquid crystal, sealing a liquid crystal filling
opening, and laminating a polarizing plate. Here, the align-
ment film forming process with the drying apparatus shown
in FIG. 1 will be mainly explained.

When a cleaned glass substrate on one surface
(hereinafter referred to as an electrode surface) on which six
display areas (a display zone diagonal: 17 inch) consisting
TFTs or color filter pixels are disposed is transferred to the
process for forming an alignment film, as shown 1n the
following, a coating of alignment film material on the glass
substrate 1 1s subjected to a drymng process. A solution of
substantially 5% by weight of the alignment film material
that 1s obtained by dissolving soluble polyimide or polyamic
acid in 1-methyl-2 pyrrolidone (NMP) or gamma-
butyrolactone (BL) is used.

First, the air supply blower 5 1s started to rotate, and
thereby a gas 1s sent to the heater 2 that 1s being heated.
Thereby, the heated gas, after once accumulated in the
soaking vessel 7, 1s emitted from the tip end of each of the
slit nozzles 4 at a uniform temperature (for instance, sub-
stantially 60 degree centigrade).

For the meanwhile, on the electrode surtace of the cleaned
glass substrate (720 mmx930 mmx0.7 mm), the solution of
alienment film material 1s coated, by use of flexographic
printing, 1n a thickness of substantial 1.5 u#m. Thereby, the
coating of alignment film material 1s formed. Then, when a
temperature 1nside of the chamber 13 1s stabilized at an
appropriate temperature (for instance, substantial 55 degree
centigrade), a shutter of a carry-in entrance of the chamber
13 1s opened. The glass substrate 1 1s disposed on the tip
ends of the transfer arm 11 with the coating of alignment

f1lm material directed upward and transferred up to above
the base plate 9 1n the chamber 13.

Thereafter, the transfer arm 11 1s moved 1n a z-axis
direction so that the tip end of the transfer arm 11 may be
accommodated between the rows of pins on the base plate 9.
When thereby the substrate 1 1s transferred from the tip ends
of the transfer arm 11 onto tip ends of a group of pins, the
transfer arm 11 1s moved 1n an x-axis direction, and thereby
the tip ends of the transfer arm 11 1s pulled out between the
rows of pins. Then, the shutter of the carry-in entrance of the
chamber 13 1s closed.

Thereafter, the motor 10 1s started to rotate, and thereby
the base plate 9 1s made to reciprocate 1n an x-axis direction
with an appropriate speed (for instance, substantially 100
mm/s). A stroke of the base plate 9 at that time is substan-
tially the same distance with a disposition 1nterval of the slit
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nozzles 4. Thereby, the solvent can be uniformly and effi-
ciently vaporized from the entirety of the coating of align-
ment {ilm material. Accordingly, 1n the stage before the
burning, the variation 1n a film thickness and film charac-
teristics of the coating of alignment film material can be
prevented.

When at this time the hot air 1s sent out of the slit nozzles
4 so that a wind speed of the hot air 1n the neighborhood of
the surface of the glass substrate 1 may be 0.5 m/s or more,
the gas including the vaporized solvent, without lingering in
the neighborhood of the surface of the glass substrate 1, can
be smoothly emitted outside of the system. As a result, a
drying time can be shortened.

Thus, when the solvent that 1s contained in the coating of
alignment film material 1s vaporized by substantially 80%
and thereby the coating of alignment film material has lost
its fluidity, the transfer arm 11 1s moved in an Xx-axis
direction so that the tip end of the transfer arm 11 may be
inserted 1n the clearance A between the glass substrate 1 and
the base plate 9, and furthermore the transfer arm 11 1is
moved 1n a z-axis direction so that the glass substrate 1 may
be transferred from on the tip ends of the pins 3 onto the tip
end of the transfer arm 11. Thereby, the glass substrate 1 can
be smoothly scooped up from the tip ends of the pins.

Thus, the glass substrate 1 can be scooped up from the tip
ends of the pins without inflicting excessive force on the
olass substrate 1. This 1s because each of the pins 3 that 1s
small 1n the contact area with the glass substrate 1, different
from the plate of the hot plate, hardly generates static
electricity (electrification due to peeling) between the glass
substrate 1. Accordingly, the glass substrate 1 can be hin-
dered from generating defects such as a crack.

When the substrate 1 1s scooped up from the tip ends of
the base plate 9, until the drying 1s started to a coating of
alignment film material of a next glass substrate 1, it 1s
preferable that the air from the air supply blower 5 1s
stopped, and thereby the pins 3 are hindered from being
heated.

When the above drying 1s completed, the glass substrate
1, as 1t 1s, 1s transferred, with the transfer arm 11, from a
drying furnace to an infrared heating furnace. Then, the
coating of alignment film material on the glass substrate 1 1s
cured. That 1s, the glass substrate 1 1s heated at an appro-
priate temperature (for instance, substantially 230 degree
centigrade) for an appropriate time period (for instance,
substantially 20 min) in the infrared furnace, thereby the
coating of alignment film material on the glass substrate 1 1s
cured. Thereby, an alignment film having a uniform film
thickness and film characteristics can be formed on the glass
substrate 1.

Thereafter, the glass substrate 1 is transferred from the
process for forming the alignment film to the processes for,
in turn, rubbing, printing a sealing material, spraying
spacers, putting two substrates together, curing the sealing
material, filling a liquid crystal, sealing a liquid crystal
filling carry-in entrance, and laminating a polarizing plate.
Thereby, a liquid crystal display including the glass substrate
1 1s completed.

According to the above manufacturing process of a liquid
crystal display, since 1n the process of forming the alignment
f1lm, the alignment film having uniform film characteristics
can be formed with a uniform film thickness, a liquid crystal
display may be hindered from generating irregularity in the
liquid crystal molecule alignment. As a result, a liquid
crystal display having excellent display characteristics can
be obtained. Furthermore, since the substrate cracking that
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tends to occur 1n the process of forming the alignment film
with the hot plate can be hindered from occurring, product
yield 1mn the manufacturing process of the liquid crystal
displays can be also improved. Still furthermore, since there
1s no need of the process for thrusting up the substrate with
the thrust pins, 1n comparison with the case where the hot
plate 1s used, the manufacturing process can be made more
efficient.

These advantageous effects are summarized 1n FIG. 10 1n
comparison with the process performed with the hot plate.
(1) When the drying apparatus according to the present

embodiment 1S used, there 1S observed no electrostatic

charge due to peeling that occurs when the hot plate 1s
used. Accordingly, different from the case where the hot
plate 1s used, the glass substrate 1s hardly cracked.

(2) When the hot plate is used, in order to hinder the glass
substrate from being cracked, the glass substrate has to be
slowly lifted up with the thrust pins, which makes process
time longer. On the other hand, when the drying apparatus
according to the present embodiment 1s used, there 1s no
need of the thrusting.

Accordingly, the efficiency in the process for forming the
alignment film can be 1improved. For imstance, while accord-
ing to the hot plate, it takes 100 seconds or more to dry (from
transferring in to transferring out) a 720 mmx930 mm glass
substrate, according to the drying apparatus according to the
present embodiment, a time period necessary to dry a 720
mmx930 mm glass substrate can be shortened to 60 seconds
or less.

(3) When the hot plate 1s used, there is a fluctuation in the
temperature of the glass substrate in the range of substan-
tially £2 degree centigrade. On the other hand, when the
drying apparatus according to the present embodiment 1s
used, the fluctuation in the temperature of the glass
substrate can be suppressed to substantially £1 degree
centigrade. Accordingly, the coating of alignment film
material can be dried uniformly. This advantageous effect
has been confirmed through the following experiment.
The following experiment was carried out with the drying

apparatus that had the pins 3 made of Bespel (registered

trade mark) having thermal diffusivity of substantially 0.1

mm=/s and the slit nozzles 4 arranged with a 200 mm

interval. In the chamber whose inside temperature was

stabilized at substantially 55 degree centigrade, while blow-
ing a hot air of substantially 60 degree centigrade at a wind
speed 1n the range of 0.5 to 2 m/s from each of the slit
nozzles 4, at a position substantially 200 mm apart from the
tip ends of the slit nozzles 4, the glass substrate 1 where the
solution of alignment film material has been coated was
reciprocated at a speed of 100 mm/s. The stroke of the glass

substrate 1 at this time was 200 mm.

As a result, since the preliminary drying of the coating of
aligcnment film material was complete at substantially 25
seconds after the glass substrate 1 was charged into the
chamber 13, the hot air was stopped blowing and the glass
substrate 1 was stopped reciprocating at substantially 40
seconds after the glass substrate 1 was charged into the
chamber 13, and appearance of the glass substrate 1 and the
in-plane temperature distribution were observed. As a resullt,
it was confirmed that there was no defect such as a crack in
the glass substrate 1. Furthermore, it was also confirmed that
the fluctuation of the temperature of the glass substrate 1 was
suppressed to substantially 1.0 degree centigrade.
However, as shown 1n FIG. 4, 1t was found that with the
exception of part of the glass substrate 1, the fluctuation of
the glass substrate 1 was suppressed to substantially 0.5
degree centigrade. That 1s, 1t was confirmed that the 1rregu-
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larity of the temperature 1 the glass substrate 1, which was
a cause of the wmrregularity of the drying of the alignment
material {1lm, can be suppressed from occurring.

Thereafter, the glass substrate 1 was heated with the
infrared furnace at a temperature of substantially 230 degree
centigrade for 20 minutes, and thereby the alignment film
material on the glass substrate 1 was cured. An LCD panel
was manufactured with the glass substrate 1 where the
alignment film was thus formed, and the pre-tilt angle
thereof was measured. As a result, 1t was confirmed that the
measured pre-tilt angle was substantially the same
(substantially 6 degree) as that of the LCD panel in which
the glass substrate whose alignment film was formed by use
of the hot plate was used.

Next, the optimum drying conditions when the drying
apparatus according to the present embodiment 1s used will
be explained. In order to obtain the optimum conditions of

the drying process, the following experiments were con-
ducted.
(1) Embodiment 1

In order to optimize the drying time, as shown 1 FIG. 5A
and FIG. 5B, by heat conduction from the hot plate 15 and
the hot air from a dryer 19, respectively, the alignment film
material films on the glass substrates 1 having a size of 100
mmx100 mmx1.1 mm were dried. The dryer 19 was held so
that the hot air might be vertically blown onto the glass
substrate 1, and allowed to reciprocate level 1n this state.

For the alignment film material used here, one that was
made of a main chain having polyimide skeleton and side
chains made of long chain alkyl group, and develops the
pre-tilt angle owing to the long chain alkyl group present on
an alignment film surface, was used. The solvent used to
dilute the alignment film material was 1-methyl-2-
pyrrolidone (NMP), gamma-butyrolactone (BL).

After the solvent was dried, under the same conditions
liquid crystal cells were prepared and the pre-tilt angles
thereof were measured. The results were as shown 1n FIG.
6. The drying time was defined as follows. When the
solution coated on the substrate is being dried and the
solvent 1s being vaporized, the film thickness decreases and
an 1nterference fringe appears 1n the film plane. When the
vaporization of the solvent 1s complete and the film thick-
ness becomes uniform, the interference fringe disappears
and the film plane exhibits a uniform interference color. A
time period from the start of the heating of the substrate to
the appearance of uniform interference color was measured
as the drying time.

When the hot plate was used to dry, the pre-tilt angle
exhibited substantially the same value irrespective of the
drying time. On the other hand, when the hot air drying was
used, the pre-tilt angle largely depends on the drying time,
and the pre-tilt angle was smaller when the drying time was
shorter.

An 1nfluence that the solvent composition gave on align-
ment film polymer molecule was studied. The alignment
film polymer molecule was dissolved in NMP and BL,
respectively, and the molecular sizes were obtained from
static light scattering measurement. Results are shown 1n
FIG. 7. It was found that the polymer molecule shrunk in the
NMP solution. It was considered that when the polymer
molecule shrunk, the side chains that contributed in the
development of the pre-tilt angle were rounded in the main
chain. Furthermore, it was found that the pre-tilt angle
became smaller 1n the alignment film that was formed with
a solution whose NMP ratio was high. It was considered that
while when the alignment film polymer molecule became
expanding, the side chains that were high 1n affinity with air
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prevail 1 the film surface, when the alignment film polymer
molecule was contracted, the side chains that contribute in
the pre-tilt angle were rounded in the main chain and an
amount of the side chains that were present in the film
surface decreases, resulting in a decrease in the pre-tilt
angle.

When the solvent was dried, each component of mixed
solvent did not vaporize at the same time, BL vaporizing
more rapidly than NMP. Accordingly, in the coating, at the
same time with concentration of the alignment film polymer
molecule, a composition of the solvent carrier changes. It
was considered that a solvent composition 1n the coating
changed at the drying process 1n the following way.

By heating, BL vaporized from the surface of the align-
ment film. In the film, since a concentration gradient of the
solvent developed 1n a depth direction, BL diffused from the
substrate side to the surface side. However, when the drying
fime was short, the diffusion 1n the film could not cope with
the vaporization from the surface, resulting, 1n the surface,
In an 1ncrease 1 a compositional ratio of NMP that was
difficult to vaporize. In addition, 1n the hot air drying, in
order to suppress the solvent from lingering, the solvent
vapor was actively removed by the gas exhaust, resulting 1n
an increase 1n vaporization speed difference between BL and
NMP. As a result, the concentration of NMP 1n the surface
was forwarded. Accordingly, under the high speed drying
condition 1n which NMP tended to be concentrated, the
polymer molecule 1n the surface shrank and the pre-tilt angle
decreased.

From the above results, a temperature and wind speed that
made the drying time 20 seconds or more at that the pre-tilt
angle becomes the same or better than that of the existing hot
plate drying were set as the optimum hot air drying condi-
fions of the alignment film material. It was found that the
optimum temperature at the outlet of the hot air was 1n the
range of from 70 to 90 degree centigrade, and the optimum
wind speed above the substrate was 1n the range of from 1.5
to 2.0 m/s.

(2) Embodiment 2

With the drying apparatus according to the present
embodiment, the gases of various temperatures were blown
on the glass substrates, and appearance of the coatings of
alignment film materials were observed. As a result, 1t was
found that when the gas was blown at a temperature equal
to 30 degree centigrade or less, the flatness of the coating of
aligcnment film material was deteriorated. Furthermore, it
was found that when the gas was blown at a temperature
equal to 30 degree centigrade or more, the flatness of the
coating of alignment film material, as shown 1 FIG. 8,
changed depending on the gas temperature. That 1s, 1t was
found that as the gas temperature was higher, since the
fluidity of the solution of alignment film material was
improved, the flatness was improved.

Since the solvent of the alignment film solution i1s gen-
erally a mixture of solvents, at the drying, a composition
ratio of the solvents changes. At this time, with the time, the
afiinity of the solvent with the alignment film polymer
molecule changes and the fluidity 1s caused to decrease
owlng to an increase in the alignment film concentration. As
a result, the structure of the alignment film polymer mol-
ccule at the upper most surface 1s determined. For instance,
a solvent that 1s a little inferior in the affinity with the
aligenment film 1s concentrated, the molecule 1s contracted,
as a result, the surface concentration of the polymer mol-
ecule side chains that develop the pre-tilt angle decreases,
resulting 1n a decrease 1n the pre-tilt angle.

With the glass substrates that had undergone the drying
process due to the gases of various temperatures, the cells
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were prepared, respectively, and the pre-tilt angles thereof
were measured. As a result, as shown 1in FIG. 9, 1t was
confirmed that as the gas temperature became higher, the
pre-tilt angle became lower. It was also confirmed that when
the gas at 100 degree centigrade or more was used to dry, an
appropriate pre-tilt angle was difficult to obtain.

From the above results, in the present embodiment, as the
optimum temperature range of the feed gas from the nozzle,
substantial 30 to 100 degree centigrade was adopted.

In the present embodiment, 1n order to discharge the gas
from the soaking vessel 7, the nozzles 4 are used. However,
it 1s not necessarily restricted to the nozzle. For instance, as
shown 1n FIG. 11, a plate material 14 in which a plurality of
through holes 14a 1s formed 1n matrix, in place of the slit
nozzles 4, may be attached to the soaking vessel 7.

In such a configuration, when the plate material 14 in
which the through holes 144 having a diameter of substan-
fially 5 mm are formed with 20 mm separated from each
other 1s used, the gas can be uniformly blown onto the whole
substrate 1. Accordingly, necessity of reciprocating the
substrate 1 1n an x-axis direction becomes smaller. When the
substrate 1 1s made not to move, the driver unit may be
omitted 1 the configuration except for the table &, and
entrainment of the foreign matters 1n the coating of align-
ment film material may be hindered from occurring.

Still furthermore, 1n the present embodiment, the gas 1s
supplied from a front side of the substrate 1. It 1s not
necessarily performed 1n this way. For instance, the gas may
be supplied from one end face side of the substrate 1. In
order to perform in this way, as shown 1n FIG. 12, one slit
nozzle 4 need only be disposed at one end surface side of the
substrate 1 so that a nozzle opening may be substantially
parallel with the substrate 1. In this case, since only one slit
nozzle 4 1s necessary, there 1s no need of the soaking vessel
7. As a result, the drying apparatus can be made smaller 1n
its size.

However, 1in this case, the gas from the slit nozzle 4,
because the gas 1s deprived of energy corresponding to latent
heat of vaporization of the solvent and so on, becomes
oradually lower 1n its temperature as the gas flows on along
both surfaces of the substrate 1. In order to reduce the drying,
irregularity due to this 1n the coating of alignment film
material, 1t 1s desirable to dispose, 1n the chamber 13, a top
plate 16 whose interval from the substrate 1 becomes
cgradually narrower as goes further from the slit nozzle 4.

Thereby, since the flow rate of the gas from the slit nozzle
4 becomes gradually faster as the gas flows along the
substrate 1, the in-plane irregularity of the drying speed of
the coating of alignment film material can be suppressed,
resulting 1in obtaining a decrease 1n the drying irregularity of
the coating of alignment {ilm material.

In the present embodiment, although the glass substrate 1s
lifted up from the base plate by means of the pins, the glass
substrate may be lifted up from the base plate by means of
the supporting member other than the pins. For instance,
projections that come 1nto line contact with the glass sub-
strate may be formed on the base plate.

Furthermore, 1n the present embodiment, although the
base plate is moved with respect to the gas feeder (nozzle),
the gas feeder (nozzle) may be moved with respect to the
base plate, or both may be moved.

According to the present invention, liquid crystal displays
having excellent display characteristics can be obtained.

While we have shown and described several embodiments
in accordance with our invention, 1t should be understood
that disclosed embodiments are susceptible of changes and
modifications without departing from the scope of the inven-
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tion. Therefore, we do not 1ntend to be bound by the details
shown and described herein but mtend to cover all such
changes and modifications that fall within the ambit of the
appended claims.

What 1s claimed 1s:

1. A method for manufacturing a liquid crystal display
including a first substrate and a second substrate that faces
the first substrate, comprising;:

a first process for coating with a solution for use 1n the
formation of an alignment film on a first surface of the
first substrate which faces the second substrate; and

a second process for generating a tlow of gas on the first
surface side which 1s coated with the solution, that

vaporizes a solvent contained 1n a coating layer of the
solution on the first surface side,

wheremn 1n the second process, a nozzle and the first
substrate are relatively moved while heated gas 1is
supplied from the nozzle on the first surface side of the
first substrate, which 1s coated with said solution.
2. The method for manufacturing a liquid crystal display
as set forth 1 claim 1:

wherein said second process 1s performed 1n a state where
a space 15 formed on a second surface side that 1s
opposite to the first surface of the first substrate which
1s coated with the solution.
3. The method for manufacturing a liquid crystal display
as set forth 1 claim 1:

wherein the first substrate i1s supported by supporting
members at a plurality of positions on a second surface
that 1s opposite to the first surface which 1s coated with
the solution, at least each of tip end portions of said
supporting members being made of a material having a
thermal diffusivity equal to or less than 0.5 mm?/s.

4. The method for manufacturing a liquid crystal display
as set forth 1n claim 1, wherein the flow of gas 1s generated
so as to have a speed of at least 0.5 m/s at the first surface
of the first substrate.

5. The method for manufacturing a liquid crystal display
as set forth i claim 1, wherein the gas flow on the first
surface side has a flow velocity at the substrate 1in a range of
1.5 to 2.0 m/s, and has a temperature, at an outlet of structure
generating the flow of gas, in a range of 70° C-90° C.

6. The method for manufacturing a liquid crystal display
as set forth 1n claim 1, wherein the gas flow has a
temperature, at an outlet of structure generating the flow of
gas, in a range of 30° C-100° C.

7. Drying apparatus for drying a solution that 1s coated on
a first surface of a substrate and used in the formation of an
alignment film, comprising:

a heater for heating a gas, a nozzle for supplying said gas
on the first surface side of the substrate which 1s coated
with said solution so as to vaporize a solvent contained
in a coating layer of said solution, and a driving
mechanism for moving said nozzle and said substrate
relatively.

8. Drying apparatus as set forth 1n claim 7, wherein the
nozzle 1s adapted to be positioned at one end side face of the
substrate, and wherein the drying apparatus further includes
a top plate whose 1nterval from the substrate decreases as the
distance from the nozzle increases.

9. Drying apparatus as set forth in claim 7, wherein said
substrate 1s supported by supporting members at a plurality
of positions so as to form a space adjacent a second surface
of the substrate that 1s opposite to said first surface which is
coated with said solution, at least each of the tip end portions
of said supporting members being made of a material having
a thermal diffusivity equal to or less than 0.5 mm~/s.
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10. Drying apparatus as set forth 1n claim 9, wherein the
tip ends of the tip end portions of said supporting members
have a curvature radius equal to or less than 5 mm.

11. Drying apparatus as set forth 1n claim 7, wherein said
substrate 1s supported by supporting members at a plurality
of positions adjacent a second surface of the substrate that 1s
opposite the first surface which 1s coated with said solution,
with tip ends of tip end portions of said supporting members
having a curvature radius of 5 mm.

12. A method for manufacturing a liquid crystal display
including a first substrate and a second substrate that faces
the first substrate, comprising;:

a first process for coating with a solution for use in the
formation of an alignment film surfaces of the first and
second substrates that face each other in the liquid
crystal display; and

a second process for generating a flow of gas on surface
sides of the first and second substrates which are coated
with the solution, that vaporizes a solvent contained in
a coating layer of the solution on each of said surfaces
of the first and second substrates that face each other 1n
the liquid crystal display,

wherein 1n the second process, a nozzle and the first
substrate are relatively moved while heated gas 1is
supplied from the nozzle on the first surface side of the
first substrate, which 1s coated with said solution.
13. A method for manufacturing a liquid crystal display
including a first substrate and a second substrate that faces
the first substrate, comprising;:

12

a first process for coating a second substrate side of the
first substrate with a solution for use 1n the formation of
an alignment film on the second substrate side of the
first substrate; and

a second process for generating a flow of gas on the
surface side of said first substrate which 1s coated with
said solution,

wherein, 1n said second process, a heated gas 1s supplied
10 from a nozzle to the second substrate side of said first
substrate which 1s coated with the solution, and a flow
of gas toward the periphery of said substrate, on the
surface coated with said solution, 1s generated by
exhausting said gas from an exhaust outlet which 1s
provided on the opposite side of said first substrate
from the second substrate side of the first substrate.

14. Drying apparatus for drying a solution that 1s coated
on a surface of a substrate and used 1n the formation of an
20 alignment film, comprising:

15

a nozzle for supplying gas to the surface which 1s coated
with said solution, a heater for heating said gas, and an
exhaust outlet which 1s provided on the opposite side of
the substrate to the side of the substrate at which the
nozzle 1s positioned, so as to generate, on said surface
which 1s coated with said solution, a flow of gas toward
the periphery of said substrate.

25
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